The new computer-based interactive technologies in medicine, such as virtual reality (VR), have revolutionized education. The use of virtual microscopic images would be invaluable in the training of cyto-histopathologists. However, due to the vast amount of digital information on a scanned, conventional cyto-histological slide, which is enormous by current data storage standards, these systems are expensive and not widely used in pathological medicine. The authors propose an inexpensive system based on quicktime virtual reality (QTVR) technology (by Apple Computers Inc.), which accommodates a wide area of a slide at high magnification, generating a 'virtual slide' which makes it possible to navigate by conventional input devices. Commercial softwares that stitch consecutive, adjacent images of cyto-histological preparations onto a QTVR panorama were used. QTVR files have the ability to stand on their own as self-contained, multimedia applications and also have the ability to generate multinode scenes by means of 'hot spots'. QTVR 'movies' can be played on Macintosh or Windows platforms, and on major web browsers. Virtual slides by QTVR is an inexpensive system of high educational value, which allows the creation of multimedia databases of cyto-histological preparations that can exist on an internet server or can be distributed on removable media.
Virtual reality (VR) is a digital technology that allows people to interact with simulated computer environments using their natural senses. Its applications in medicine are increasing. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Above all, VR plays an important role in medical training. In some medical fields, the educational value of simulation is probably superior to currently available methods of training. Although a wide range of VR training systems have been developed, at the moment, there are no systems available for cyto-histopathology that are efficient and cost effective, which can substitute for currently available educational methods. The reason for this difficulty is due to the fact that magnifying a single digitized histological slide requires a great deal of storage capacity. In the last few years, dynamic telepathology has been the only real digital application that has been able to transmit wide areas of microscopic preparations to a remote station. [13] [14] [15] [16] [17] [18] [19] [20] Dynamic telepathology is a real-time technology system, but its usefulness in training is limited. The image is live and only a few systems are able to store and create a database of the transmitted cases [18] [19] [20] (Bliss by BacusLabs. http://www.bacuslabs.com/). Furthermore, all of these systems are very expensive because they work by means of a robotic microscope, and the software for image viewing and interaction is often sophisticated and only available with the purchase of apparatus.
We propose an inexpensive system based on Quicktime VR (QTVR: trademarks used under license from Apple Computer) technology to digitize wide areas of cyto-histologic preparations by means of a software that generates a user friendly interface, allowing the viewer to navigate within a 'virtual slide' using conventional computer input devices, such as a mouse, trackball, trackpad, keyboard, etc. The software is not open source, but is a commercial product that uses the QTVR system, an extension of QuickTime technology, which is an industrial standard developed by Apple Computer Inc. for Macinthosh and Window platforms. The QTVR files may exist on an internet server and can be viewed by major browsers without the need of any additional client software. 
Materials and methods

Image Acquisition
Step 1: The images were acquired using the panorama option of the digital camera moving the microscopic table along the 'y'-axis so as to achieve about a 30% overlap of image tiles (Figure 1a) .
Step 2: The stitching of the images was achieved by use of 'Camedia Master' free software bundled with the Olympus camera (http://cf.olympus-europa.com/consumer/digimg/home.cfm). Stitching of the images results in a series of parallel panoramic images, so as to achieve about 50% overlap with each other (Figure 1b ).
Step 3: PhotoStitch software stitches the panoramic images together, generating a single large image of the area of interest (Figure 1c) , and recorded in TIFF format.
Step 4: The image generated in step 3 was converted by VR Worx 2.1 software, resulting in a QTVR movie. The Photo JPEG codec (compressordecompressor) was selected to compress the QTVR 'movies' along with 24 bit (millions of colors) as the color depth chosen. QTVR format 'movies' can be viewed by QuickTime Player, a free application, already installed in many computers, which is available for Window and Macintosh platform.
Results
In order to replicate conventional microscopy, there is only one resizable window on the monitor. The viewer can navigate within the QTVR movie in all directions by clicking and dragging the mouse, or by using keyboard commands. The movie is linear and the keyboard is used to magnify or de-magnify the viewed area. More areas of interest can be connected to each other by 'hot spots' that are also used to perform certain actions, such as linking to other media files. 'Hot spots' allow the creation of scenes of multiple QTVR nodes as areas digitized to higher magnification, or differently stained (histochemical Virtual reality in pathology FA Zito et al or immunohistochemical stain), or they can refer to textual or audio annotations. QTVR format 'movies' can be viewed by Windows and Macintosh platforms. The system also allows the user to choose different compression formats (MPEG, JPEG, Sorenson etc). The optimal JPEG compression of QTVR files is 20% of the original TIFF file. These files can remain on the internet, or else can be stored on removable media (CD-ROM or DVD). The QTVR system works by merging the tiles around an imaginary cylinder. The effect is a spatial deformation of the tiles that can be reduced by selecting an angle of view less than 3601. Figure 1c shows a 3 Â 2 mm image of an endoscopic gastric biopsy. The 7200 Â 5200 pixel image was digitized at an objective magnification of Â 20. A total of 20 still pictures are required to generate a large image of 85 MB in TIFF format, which is then compressed into a 9 MB QTVR file. The entire digitization process takes 60 min. The quality of the movie is related to the quality of initial images (Figure 2 ).
Discussion
The new technologies, in particular VR, are being utilized more and more as instruments for learning in medicine. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] These systems, acting as medical simulators allow learning with absolute safety. This is obviously important in surgery or in invasive medical practice, but it is also important for other disciplines, as it offers students the ability to interact with instructional material in a way previously unimagined. The VR applications of pathological training should allow access to a large variety of cyto-histological cases. However, terms such as 'virtual histology', 'digital slide' and 'virtual microscopy', which appear in the literature, referring to some digital applications viewing cyto-histologic preparations have been improperly used for two reasons. Firstly, because these often refer to static images, and secondly because the software generated an interface completely extraneous to the way in which the pathologist works. With our system, the observer can perceive himself in the surrounding environment. For a system to truly be called 'VR', it must be able to interact with the user in a precise and immediate manner. A virtual slide, therefore, must have the same capacity. With each movement of the cursor, the computer must instantaneously recalculate the new position of the observer in the virtual environment. A 'QTVR slide' accomplishes this. The major advantage is that the case is not a selected, static image, but a 'real virtual slide' in which the observer can navigate and choose specific areas, magnifying and de-magnifying as he/ she wishes, allowing learning to occur in a way similar to conventional microscopy. Trelease et al 1 were the first to propose the application of QTVR technology in light microscopy to support instruction and research in microscopic anatomy, generating histological panoramic movies with the capacity to be integrated into existing web-based resources for use in a first-year medical histology course at UCLA School of Medicine, Los Angeles. The use of such technology in the field of pathology would have much broader implications. Recently, MelinAldana and Sciortino 2 have used QTVR in pathology primarily to generate three-dimensional reconstructions of surgical specimens. The authors of this article propose the use of the same technology in pathology whereby it is possible to view a large portion of a cyto-histological slide in order to make accurate diagnoses, as well as for use in other telepathology applications, including training of students, staff, etc. Virtual slides also allow one to overcome some difficulties in pathological practice. For example, conventional glass histology slides are fragile, and stains can fade with time, as is the case with some staining techniques such as immunofluorescence. Another difficulty is that distribution of glass slides among pathologists during quality assurance programs are not the most practical way to gather information for statistical assessment due the significant differences that can occur when cutting multiple tissue sections of the same paraffin block, creating a 'misrepresentation' of the tissue sample. In addition, the participation of cytopathologists during quality assurance must currently be limited to small groups because it is not possible to cut sections of the same slide, and therefore requires much more time to circulate a single set of glass slides. Complete slide digitization of high magnification would be the goal that provides a solution. Unfortunately, the volume of digitized data on a whole slide is so big that it requires complex and expensive systems. Leong and McGee 18 have calculated that digitizing a 10 Â 10 mm region of solid tumor using a Â 20 objective lens generates about 2.75 gigabytes (GB) of raw image data that falls to 250 MB by JPEG compression. They used a robotic microscope that takes 70 min to digitize 1 cm 2 of slide. The time, the high cost of hardware and magnetic support of storage required have discouraged wide use of these systems. As with any new technology, cost is a major consideration. Our system is inexpensive because it works with common microscopic equipment connected to a nonprofessional digital camera. Viewing of the histological 'movie' is obtained by use of commercial software. The cost of our nonautomated system, excluding microscope, is less than $6000 in comparison to the $70 000-90 000 cost of motorized systems. It is important to note however, that manually digitizing a large area of slide by an objective magnification of at least Â 20 is very difficult due to the high number of individual images required. Therefore, it is preferable to use this system on small biopsies. The possibility to create 'hot spots' allows us to navigate whole slides, which can be linked to other files or URL, generating a digital medium with a high educational value. Histological slide files are in QTVR compressed format that can be stored on CD-ROMs or in a database on a server. The latter can be used to download the case library with a common browser connected to the internet.
The most important telepathology systems work by means of an overview image of low magnification of the entire slide, displaying the current position of the observer, choosing the area of interest that the viewer wants to magnify. This system requires at least two windows to be open on the monitor, one of the windows being the overview. The other window may be the selected area at a higher magnification. Selecting an image to be magnified is not very practical because it constrains the user to pass from one window to another. Our system requires only one open window on the monitor. Movement through the virtual slide is continuous and the magnification and demagnification is obtained by pressing a combination of keys (shift/ctrl). As a result, a monitor with a large display is not necessary.
There are other advantages in using QTVR movies: They are self-contained; they have the ability to be integrated into other various multimedia programs, producing complete instructional tutorials and research presentations; and paradoxically, having all the options available that QTVR movies offer is much more difficult to find in other, more expensive, and more complex systems.
In conclusion, our system is simple and inexpensive. And although the emphasis is chiefly on teaching medical students and on the continuing education of physicians, it also has the capacity to be used in other common telepathology applications.
